An enzyme capture assay (ECA) for rapid identification of Escherichia coli in blood cultures by using P-D-glucuronidase as a marker was developed. Microdilution plates coated with antiglucuronidase were used to capture this enzyme from the cell lysates of blood cultures which showed growth of gram-negative bacteria.
The isolation of any significant microorganism from a blood culture is an occurrence that requires careful evaluation by the clinicians, and prompt action is usually necessary. The incidence of bacteremia and fungemia has been reported to be 3.4 to 28 per 1,000 hospital admissions and was estimated to average 10 per 1,000 admissions (1%) in the United States (31) . The five most common isolates from blood cultures were Escherichia coli, Staphylococcus aureus, Streptococcus pneumoniae, Klebsiella pneumoniae, and Pseudomonas aeruginosa (2) .
E. coli is one of the more important gram-negative bacteria recovered in clinical microbiology laboratories. It is isolated frequently from specimens from bacteremic episodes (2, 10, 19, 21, 25) , either as a pure culture or as part of a mixed culture. The isolation rate for E. coli can be as high as 40% of the gram-negative bacteria found in bacteremia (25) . During 1991 and 1992, isolates of E. coli accounted for 21.7% of all bacteria causing bloodstream infections at National Cheng-Kung University Hospital, Tainan, Taiwan (unpublished data). In another study, E. coli was found to account for 28.4% of all isolates from bacteremic episodes in the pediatric department of another hospital (5) . In view of the high incidence and mortality (2), a rapid identification method for E. coli in blood specimens is of clinical importance.
Since 1976, when Kilian and Bulow (17) described the activity of a 3-D-glucuronidase (GUD) as being restricted to Escherichia, Shigella, and Salmonella spp., this property has been widely used for the detection and identification of E. coli (6, 9, 11, 16, 30) in food and in clinical microbiology laboratories. Most studies incorporated 4-methylumbelliferyl-,3-Dglucuronide (MUG) as a fluorogenic substrate of GUD in the medium. The native GUD of E. coli may be a tetramer having a molecular weight of 296,000 (1) . Some strains of Yersinia, Flavobacterium, staphylococci, and streptococci are also positive for this enzyme (12, 22, 26) , and false-positive reactions are sometimes caused by animal tissues which contain the enzyme. For this reason, an enzyme capture assay (ECA) for detection of E. coli in oysters was developed (12) . Anti-GUD antibodies coated on microdilution plates were used to capture the enzyme produced by E. coli present in food samples; this was followed by the addition of fluorogenic or chromogenic substrates to demonstrate GUD activity. Under these conditions, cross-reactions are caused only by members of the family Enterobacteriaceae.
Although the direct incorporation of a fluorogenic substrate of GUD in the culture medium is a convenient and fast way to detect E. coli present in specimens (9, 30) , the practice is impossible for blood cultures because of the deep red color of blood, which masks the fluorescence generated by GUD on the substrate. ECA seems to be a good choice for solving this problem. Husson et al. (14) have described an alkaline phosphatase capture test for the identification of E. coli and Shigella species in blood cultures and urine specimens. The sensitivity of the alkaline phosphatase capture assay for detecting E. coli in blood cultures is 91%.
We describe here a rapid and sensitive ECA to identify E. coli in positive blood cultures showing growth of gram-negative bacteria, including mixed cultures containing gram-negative bacteria. For the preparation of anti-GUD used in the ECA, a rapid procedure for the purification of GUD by preparative polyacrylamide gel electrophoresis is also described. (6) . The band was cut from the gel with a razor and used for antibody production.
MATERIALS AND METHODS
Preparation and purification of antibody. The gel strip containing GUD was crushed to fine particles and used for immunizing rabbits according to the procedure of Chang et al. (4) . The specificities of the antisera were tested by Ouchterlony double diffusion (24) , while the titers of the antisera were determined by an enzyme-linked immunosorbent assay (4) using microdilution plates coated with GUD. The immunoglobulin G fractions of the antisera were purified by DEAE ion-exchange chromatography (18) and were further purified by affinity chromatography (13) .
ECA. The ECA was performed as previously described (16) with some modifications. Wells of microdilution plates (MicroFluor; Dynatech, Alexandria, Va.) were coated with affinity-purified anti-GUD and blocked with bovine serum albumin. Serially diluted GUD solution or cell lysate was then added to the wells and incubated at 37°C for 1.5 h. After the wells were washed, MUG solution (200 ,ug/ml) was added and incubated at 37°C for 1.5 h. The reaction was stopped with 0.2 N NaOH, and the results were read with a MicroFluor reader (Dynatech) at a wavelength of 365 nm. As a negative control, phosphatebuffered saline was used instead of GUD. A reading of fluorescence units greater than that of the negative control plus three standard errors was considered positive.
Culture broth (0.5 ml) obtained after 24 plates coated with affinity-purified anti-GUD, the detection limit for GUD by ECA was about 0.1 ng/ml (3 x 10-13 M) (Fig. 1) 20 were mixed cultures. Among the 77 blood samples from which E. coli was isolated by conventional procedures, 73 were also positive by ECA. There were 134 blood specimens which were E. coli negative by both the conventional methods and ECA. ECA produced four false negatives and one false positive. Among the four false negatives, three were polymicrobial infections with the E. coli isolates being GUD positive as confirmed by subculturing the isolates in tryptic soy broth containing MUG (9) and retesting with ECA. The fourth false negative was a blood sample from which only E. coli was isolated, and this isolate was confirmed to be GUD negative. The only false positive was caused by Salmonella enteritidis. Therefore, the sensitivity and specificity of ECA for the detection of E. coli in blood cultures were 94.8% (73/77) and 99.3% (134/135), respectively. The positive and negative predictive values of ECA were 98.6% (73/74) and 97.1% (134/ 138), respectively. The agreement between the conventional culture methods and ECA was 97.6% (207/212).
Induction of GUD. Although most strains of E. coli can produce GUD in the BACTEC NR6A vials without added inducers, the captured GUD activity was about 5 to 64 times higher in the presence of inducers added at a concentration of 50 pLg/ml (Fig. 2) . Both E. coli CCRC 10316 and 05-8 were induced to approximately the same extent by each f-glucuronide. However, p-nitrophenyl-p3-D-glucuronide was found to be the best inducer among the four compounds tested; the captured enzyme activity was 45 and 64 times higher in E. coli CCRC 10316 and 05-8, respectively, in the presence of this compound than in vials without any inducers added. Methyl-3-D-glucuronide was the second most effective inducer among the four 3-glucuronides (Fig. 2) .
DISCUSSION
Of 108 isolates of E. coli tested with ECA, 104 (96.3%) were positive (Table 1 ). This value is slightly higher than that (94%) reported by Holt et al. (12) and is very close to that (97%) reported by Kilian and Bulow (17) . False (10, 19, 25, 27, 31) . In this study, among the 212 blood cultures, containing gram-negative bacteria, Salmonella spp. were found in six specimens (2.8%), and only one (S. enteritidis) of the six isolates displayed an ECA-positive result. However, Salmonella bacteremia is being identified with increasing frequency in AIDS patient (3, 7, 28, 29) . For this reason, the ECA may be not suitable for rapid identification of E. coli in AIDS patients having bloodstream infections. No Shigella spp. were isolated from the 212 positive blood samples.
The sensitivity (94.8%) and specificity (99.3%) of ECA for identifying E. coli in blood samples were high. Of the four false-negative results by ECA, three were polymicrobial infections (E. coli and K pneumoniae, E. coli and P. aeruginosa, and E. coli, K pneumoniae, and P. aeruginosa). The three E. coli isolates from the polymicrobial bacteremia were GUD positive as confirmed by subculturing these isolates in tryptic soy broth containing MUG (9) and retesting with ECA. The fourth false-negative specimen was unimicrobial, with the isolated E. coli being GUD negative. Therefore, most false-negative reactions were due to mixed cultures present in the blood samples. The reason why ECA could not detect GUD in a polymicrobial environment is not clear at present; one possibility might be that the cell density of E. coli was not high enough to produce a detectable amount (0.1 ng/ml or 10-l 3 M [ Fig. 1 Among the four inducers tested, p-nitrophenyl-,B-D-glucuronide had the ability to strongly promote enzyme production, by a factor of 45 to 64 times (Fig. 2) . The effect of p-nitrophenyl-13-D-glucuronide on the growth of nine strains of grampositive and gram-negative bacteria was tested, and no inhibition was found (data not shown). The feasibility of adding any inducer, which may cause contamination, before or after blood is introduced into the culture bottles needs further study.
Edberg and Trepeta (8) compound, a lower sensitivity of the assay could be anticipated.
The detection limit of the assay for E. coli was about 107 CFU/ml, which is about 10 times less sensitive than the present ECA using MUG as a fluorogenic substrate. In addition, a concentrating step using 5 ml of the cultured blood is needed in the alkaline phosphatase immunocapture test, and to separate bacterial cells from blood cells, differential centrifugation steps were used in that study (14) . However, the ECA described in the present report requires only 0.5 ml of the culture broth, and after a simple lysis step with lysozyme, the sample can be directly analyzed.
In view of the high mortality and high isolation rate for E. coli from bacteremic episodes, a rapid identification method for this bacterium is important. The common practice used in hospitals is to subculture blood specimens at intervals after an incubation period of 12 h to 2 weeks (10, 32) and at the time when Gram stain is positive or bacterial growth is apparent (e.g., by turbidity, gas production, or hemolysis). The subculture and identification steps normally take at least 24 h. Therefore, in addition to the conventional culture protocols, we propose that when growth of gram-negative bacteria is found, the immunocapture assay for GUD be performed in parallel to rapidly identify E. coli in the blood cultures. The time required for ECA is 4 h, and multiple samples can be semiautomatically analyzed in microdilution plates. This could allow proper antimicrobial treatment 24 h before results of other commonly used systems are available and may help reduce the mortality from bacteremia caused by E. coli.
